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Propeller  diameter 


Apparent  advance  coefficient 
J  V_  (dimensionless) 

V  nD 

Waterline  length 


r/R  or  x 


Radius  or  RAD, 


Harmonic  number 

Propeller  revolutions 
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Distance  (r)  from  the  propeller 
axis  expressed  as  a  ratio  of  the 
propeller  radius  (R) 


Actual  model  or  ship  velocity 
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Resultant  Inflow  velocity  to 
blade  for  a  given  point 


V*> 


Mean  resultant  Inflow  velocity 
to  blade  for  i  given  radius 


Vr(x,8) 


Vx> 


Radial  component  of  the  fluid 
velocity  for  a  given  point 
(positive  toward  the  shaft 
centerline) 

Mean  radial  velocity  component 
for  a  given  radius 


Vr(x,0)/V 


Radial  velocity  component  ratLo 
for  a  given  point 


vr(x)/v 


VRBAR 


Mean  radial  velocity  component 
ratio  for  a  given  radius 


Vfc  (x,9) 


Tangential  component  of  the 
fluid  velocity  for  a  given  point 
(positive  in  a  counterclockwl se 
direction  looking  forward) 
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Vt(x) 

“  *  ** 

Mean  tangential  velocity  component 
for  a  given  radius 

Vt  (x,0)/V 

VT/V 

Tangential  velocity  component 
ratio  for  a  given  point 

Vt (x) /V 

VTBAR 

Mean  tangential  velocity  component 
ratio  for  a  given  radius 

(Vt(x)/V)N 

AMPLITUDE 

Amplitude  ( B for  single  screw 

symmetric;  C„  otherwise)  of  Nth 

N 

harmonic  of  the  tangential  velocity 
component  ratio  for  a  given  radius* 
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cv!Coo/v>N 

AMPLITUDE 
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symmetric;  otherwise)  of  Nth 
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N  N 
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H  «  N»  t 

-  Ao  +  £  CN  ,1"®9  +  V 
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** 

To  avoid  confusion  it  should  be  noted  that  subscript  x  refers  to 
longitudinal  component,  whereas  x  as  a  parameter  is  used  to  define  a 
distance  (radial  or  longitudinal) . 
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Volumetric  mean  velocity  ratio 
from  the  hub  to  a  given  radius 

f  r/R 


1-w (r/R) 


(V  (x)/V)  •  x  •  dx 


rhub/R 


<r/R>2  -  <rhub/R)2 


where  V  (x) /v 
x 

c 


■/: 


2n  ^  <*.9> 


2  tt  v 


and  Vx  (x,6)/V  =  (Vx(x,9)/V) 

c 

-(Vt(x,6)/V)  tan  (3(x,9)) 


l-wv<K) 


1-WVX 


Volumetric  mean  velocity  ratio  from 
the  hub  to  a  given  radius  (without  the 
tangential  velocity  correction) 


1-w (r/R)  = 


(Vx(x)/V)  •  x  •  dx 


rhub/R 


(r/R)2  -  <rtu,b/R>2 


Advance  angle  in  degrees  for  a  given 
point 

Mean  advance  angle  in  degrees  for  a 
given  radius 

Variation  of  the  maximum  advance  angle 
from  the  mean  for  a  given  radius 
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BNEG  Variation  of  the  minimum  advance 

angle  from  the  mean  for  a  given 
radius 

Angle  in  Degrees  Position  angle  (angular  coordinate) 

in  degrees 

Kinematic  viscosity  of  fluid  medium 
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The  results  of  wake  survey  and  boundary  layer  profile 
measurements  are  presented  for  a  model  representing  a  twin- 
screw  displacement  ship.  These  measurements  were  obtained 
in  a  wind  tunnel  using  hot  wire  anemometers.  Wake  surveys 
were  conducted  in  the  propeller  disk  and  ahead  of  the 
propeller  plane  with  and  without  the  propeller  operating. 
Circumferential  distributions  of  the  longitudinal,  tangential, 
and  radial  velocity  components  at  four  radial  locations  and 
a  harmonic  analysis  of  each  component  are  included.  The 
boundary  layer  profile  measurements  were  obtained  at  three 
longitudinal  locations  in  the  area  of  the  shafting  fnd  struts. 

A  comparison  of  full-scale,  model-scale  towing  tank,  and 
wind  tunnel  measurements  is  presented.  Model-scale  boundary 
layer  velocity  profiles  ahead  and  astern  of  the  propeller 
plane  were  smaller  than  the  full-scale  profiles.  The  model 
wake  surveys  ahead  of  the  propeller  plane  showed  no  signi¬ 
ficant  differences  with  and  without  the  propeller  operating. 

The  data  from  the  wind  tunnel  wake  survey  in  the  propeller 
plane  agreed  better  with  the  full-scale  data  than  the 
towing  tank  data. 

ADMINISTRATIVE  INFORMATION 

Model  experiments  were  performed  under  the  Controllable  Pitch  Propeller 
Research  Program  sponsored  by  the  Naval  Sea  Systems  Command  (NAVSEA  05R) 
and  administered  by  the  David  W.  Taylor  Naval  Ship  R&D  Center  (DTNSRDC) . 

The  project  was  funded  under  DTNSRDC  Task  Area  S0379001  and  Work  Unit 
1-1524-641. 

INTRODUCTION 

As  part  of  the  Controllable  Pitch  Propeller  Research  Program,  the 
DTNSRDC  conducted  full-scale  wake  and  boundary  layer  velocity  profile 
measurements  on  the  high  speed  transom  stern  ship,  R/V  ATHENA.  Project  goals 
were  to  obtain  propeller  disk  velocity  component  ratios  in  the  wake  of  a 
full-scale  ship  and  to  determine  the  effects  of  propeller  induction  on  the 
development  of  the  boundary  layer.  The  full-scale  wake  measurements  con¬ 
sisted  of  the  longitudinal,  tangential, and  radial  velocity  component  ratios 
ahead  of  and  in  the  propeller  plane.  The  full-scale  boundary  layer  profile 


was  obtained  at  three  longitudinal  locations  in  the  area  of  the  shafts  and 
struts  with  and  without  the  propeller  operating. 

A  series  of  model  experiments  was  instituted  to  identify  the  differ¬ 
ences  between  model-  and  full-scale  wake  data  which  would  affect  the  operation 
of  controllable-reversible  pitch  propellers.  Model-scale  boundary  layer 
measurements  were  made  to  estimate  the  effects  of  the  hull  on  the  wake 
distribution. 

In  an  effort  to  correlate  the  results  of  the  full-scale  measurements, 
experiments  were  conducted  in  the  towing  tank  and  wind  tunnel  at  DTNSRDC. 

Wake  survey  experiments  in  the  plane  of  the  propeller  were  conducted  in 
the  towing  tank  with  a  l-to-8.25  scale  model  using  five-hole  spherical  head 
pitot  tubes.  Model-scale  boundary  layer  profile  measurements  and  wake 
surveys  in  and  ahead  of  the  propeller  plane  were  conducted  in  the  Anechoic 
Flow  Facility  (AFF)  with  a  l-to-8.25  scale  double  model.  The  double  model 
was  constructed  so  that  the  effect  of  the  dynamic  trim  of  the  ship  at  15 
knots  on  the  wake  could  be  represented.  Although  the  double  model  does  not 
allow  the  effects  of  the  free  surface  to  be  accounted  for,  it  does  account 
for  the  angle  of  the  shafting,  including  the  effects  of  dynamic  trim,  to 
the  undisturbed  flow.  The  angle  of  the  shafting  to  the  free  stream  contrib- > 
utes  significantly  to  the  tangential  and  radial  velocity  components. 

The  results  of  the  wake  surveys  and  boundary  layer  measurements  obtained 
on  the  double  model  are  reported  herein.  Full-scale  and  towing  tank  data 
are  presented  as  comparisons  with  the  wind  tunnel  wake  survey  and  boundary 
layer  measurements.  Harmonic  analyses  of  the  circumferential  distributions 
of  the  velocity  component  ratios  obtained  from  the  wind  tunnel  wake  surveys 
were  performed  and  are  reported  herein.  The  results  of  the  towing  tank  wake 
surveys  will  be  presented  in  a  separate  report. 
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DESCRIPTION  OF  EXPERIMENTS 


The  experimental  program  reported  herein  consisted  of  model«*scale 
boundary  layer  and  wake  survey  experiments  in  the  Anechoic  Flow  Facility.  The 
Aneclioic  Flow  Facility  enabled  measurements  to  be  obtained  at  model— scale 
Reynolds  numbers  with  and  without  the  propeller  operating.  A  description 
and  aerodynamic  calibration  of  the  Anechoic  Flow  Facility  is  given  by 
Brownell  ^  and  Bowers 

Five  experiments  were  performed  on  a  double  model  in  the  Anechoic  Flow 
Facility  using  hot  wire  anemometers.  Table  1  summarizes  the  experimental 
program.  Experiment  1  consisted  of  boundary  layer  profile  measurements 
at  six  locations  on  the  model  corresponding  to  the  locations  of  the  full- 
scale  boundary  layer  measurements  on  the  R/V  ATHENA.  Experiments  2  and  3 
consisted  of  velocity  measurements  of  the  flow  ahead  of  the  propeller 
plane  with  and  without  the  propeller  operating.  These  two  experiments 
were  designed  to  measure  the  effect  of  the  operating  propeller  on  the  flow 
ahead  of  the  propeller  disk.  Measurements  were  obtained  at  the  same  non- 
dimensional  axial  location  as  those  from  the  full-scale  wake  survey  at 
the  forward  rake  location,x/L^  *  0.906.  Experiments  2  and  3  are  referred 
to  as  the  transverse  wake  surveys.  Data  were  collected  in  a  rectangular 
grid  perpendicular  to  the  waterplane  of  the  model.  The  hot  wire  probe 
was  moved  in  a  horizontal  direction  at  various  vertical  distances  above 
and  below  the  propeller  shaft  centerline.  The  results  from  Experiments 
1,  2,  and  3  were  correlated  with  the  data  from  the  full-scale  wake 
survey. 

''"References  are  listed  on  page  17  . 
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Experiment  4  consisted  of  measurements  cf  the  velocity  defect  in  the 
propeller  plane  due  to  the  main  vee  struts.  These  measurements  were  obtained 
in  a  rectangular  grid  perpendicular  to  the  waterplane  of  the  model. 

The  "rotational"  wake  survey,  Experiment  5,  was  performed  in  the 
propeller  plane  by  rotating  the  hot  wire  anemometer  to  various  circumfer¬ 
ential  positions  at  four  radii  from  the  shaft  centerline.  The  radii  at  which 
the  measurements  were  made  corresponded  exactly  to  the  full-scale  and  towing 
tank  wake  survey  radii,  allowing  a  direct  one-to-one  comparison  of  the  data. 
These  radii  were  expressed  as  ratios  of  the  local  radius  to  the  propeller 
radius  (r/R) .  A  motor-driven  unit  which  positions  the  hot  wire  anemometer 
at  discrete  circumferential  positions  for  a  particular  radial  setting  was 
mounted  behind  the  model,  with  its  axis  of  rotation  in  line  with  the 
propeller  shaft. 

DESCRIPTION  OF  EXPERIMENTAL  APPARATUS 

The  wind  tunnel  experiments  were  conducted  with  Model  5366  and  Propeller 
4712.  Model  5366  is  a  double  model  of  the  twin-screw  displacement  ship, 

R/V  ATHENA.  The  double  model  was  constructed  of  fiberglass  to  a  linear 
ratio  of  8.25  with  identical  top  and  bottom  hulls.  The  two  halves  were 
joined  together  at  a  trimmed  waterline  corresponding  to  a  ship  speed  of 
15  knots.  The  model  was  appended  with  roll  fins,  shafting,  struts,  and  a 
centerline  skeg.  Figure  1  shows  model-  and  full-scale  principal  dimensions 
for  the  R/V  ATHENA. 

Propeller  4712,  a  geosim  of  the  R/V  ATHENA  design  propellers,  had  a 
stainless  steel  hub  and  fiberglass  blades.  Although  the  R/V  ATHENA  was 
fitted  with  controllable-reversible  pitch  propellers,  the  blades  of 
Propeller  4712  were  set  at  the  design  pitch.  The  propeller,  propeller 


shafting,  and  its  bearings  were  designed  to  operate  at  a  rotational  rate 
of  20,000  revolutions  per  minute  and  a  wind  tunnel  speed  of  61  meters  per 
second.  The  design  of  Propeller  4712  is  shown  in  Figure  2  along  with 
ftropellers  4710  and  4711  which  were  used  in  the  towing  tank  experiments. 

Commercially  available  one-component  and  three-component  hot  wire 
anemometer  probes  were  used  to  obtain  all  of  the  flow  measurements  in  the 
wind  tunnel.  The  one-component  probes  measured  the  boundary  layer  profiles 
(Experiment  1),  and  the  three-component  probes  obtained  the  wake  measure¬ 
ments  (Experiments  2  through  5) .  The  one-component  probe  had  a  single¬ 
sensor  wire  1.25  mm  in  length  and  5  f*m  in  diameter  held  perpendicular  to 
the  free  stream  velocity.  The  three-component  probe  had  3  mutually  per¬ 
pendicular  wire  sensors  located  within  a  3  mm  diameter  sphere.  Each  wire 
sensor  was  1.25  mm  in  length  and  5  fim  in  diameter  at  an  angle  of  54.7 
degrees  to  the  free  stream. 

Hot  wire  probes  were  probably  the  best  measuring  device  to  use  because 
of  their  small  size  and  fast  response  time.  Compared  to  spherical  head 
pitot  tubes  normally  used  for  wake  surveys  at  DTNSRDC,  hot  wire  probes 
were  more  than  three  times  smaller  in  diameter.  The  smaller  size  offered 
less  interference  to  the  local  flow.  The  fast  response  time  allowed  a 
larger  quantity  of  data  samples.  The  pitot  tube  has  a  slower  response 
time  and  smaller  sampling  rate,  and  rapid  fluctuations  in  the  velocity  are 
not  discernable.  In  addition,  the  size  of  the  spherical  head  does  not 
allow  the  measurement  of  high  velocity  gradients  which  can  be  measured 
by  the  smaller  hot  wire  probes. 

The  small  size  of  the  hot  wire  probes  makes  them  very  susceptable 
to  breakage  caused  by  particles  in  the  fluid  medium  or  by  physical  mis- 
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handling.  In  addition,  output  voltages  are  very  sensitive  to  free  stream 
air  temperature  changes  greater  than  2.7  degrees  Centigrade.  Before  «.nd 
after  free  stream  calibrations  and  constant  temperature  monitoring  were 
required  during  each  experiment  due  to  this  sensitivity.  Free  stream 
calibrations  were  performed  at  least  every  three  hours.  Temperature 
corrections  were  applied  Lo  the  output  voltages  of  the  sensors  based  on 
these  calibrations. 

The  physical  size  of  the  hot  wire  probe  enabled  the  measurements  of 

boundary  layer  velocity  profiles  and  the  wake  ahead  of  an  operating  propeller. 
3 

Scragg  and  Sandell  have  shown  that  hot  wire  anemometers  are  at  least  as 

accurate  as  five-hole  pitot  tubes.  The  boundary  layer  measurements  were 

repeatable  within  +  2  percentage  points  of  the  free  stream  velocity.  The 

wake  m- isurements  ahead  of  and  in  the  propeller  plane  varied  within  +  2-to-5 

percentage  points  for  the  longitudinal  velocity  component  ratio,  (Vx(x,6)/V). 

For  wake  surveys  conducted  in  the  deep  water  basin  at  DTNSRDC,  the  longitudinal 

velocity  component  ratios  are  repeatable  within  +  1  percent,  except  in  areas 

4 

of  high  velocity  gradients.  In  these  areas,  such  as  behind  the  shaft 
struts  or  at  the  innermost  radii,  the  five-hole  pitot  tube  has  much  lower 
accuracy.  In  the  areas  of  high  velocity  gradients,  hot  wire  probes  may  be 
an  order  of  magnitude  more  accurate  than  the  five-hole  pitot  tubes. 

Figure  3  shows  the  locations  where  measurements  were  taken  to  determine 
velocities  in  the  boundary  layer  of  the  R/V  ATHENA  and  Model  5366.  Trans¬ 
verse  wake  survey  and  strut  wake  measurements  were  taken  at  the  locations 
presented  in  Figure  4.  The  nondimens ional  radii  at  which  the  measurements 
were  made  for  the  rotational  wake  surveys  are  shown  in  Figure  5  and  listed 


in  Table  1. 


The  model  was  mounted  on  its  side  for  the  boundary  layer  and  rotational 
wake  survey  experiments  as  shown  in  Figure  6.  Figure  7  shows  the  double 
model  mounted  in  the  horizontal  waterplane  configuration  which  was  used  for 
the  transverse  wake  surveys  and  the  strut  wake  measurements. 

The  boundary  layer  profile  measurements  were  obtained  using  a  single¬ 
sensor  hot  wire  probe.  This  probe  was  moved  in  a  horizontal  direction  by 
a  remotely  controlled  rack  and  pinion  drive  system.  This  system  included 
a  stepping  motor  having  a  resolution  of  0.02  mm,  and  was  mounted  on  a 
vertical  strut  location  in  the  free  stream.  The  stepping  motor  was  encased 
in  a  streamlined  piece  of  aluminum  to  reduce  flow  interference.  A  support 
arm  was  attached  to  the  vertical  strut  and  the  lower  (starboard)  shaft  tube 
in  order  to  minimize  the  relative  motion  between  the  double  model  and  the 
vertical  strut.  Figures  8  through  10  show  the  experimental  arrangement 
designed  for  these  experiments.  The  single-sensor  is  shown  in  Figure  11 
with  a  scale  in  .he  background. 

Two  sets  of  experiments.  Experiments  2,  3,  and  5,  were  performed  using 
triple-sensor  hot  wire  probes  shown  in  Figures  12  and  13.  The  transverse 
wake  survey  consisted  of  measurements  of  the  wake  ahead  of  the  propeller 
plane  with  and  without  the  propeller  operating.  Also,  measurements  of  the 
wake  behind  the  struts  were  made.  Figure  12  presents  the  experimental  set-up 
for  these  transverse  measurements.  The  rotational  wake  survey  was  conducted 
in  the  propeller  disk  at  four  radial  locations  using  the  motor -drive  unit 
mentioned  previously.  This  motor  had  a  variable  rotational  speed  and  an 
internal  triggering  system.  Measurements  were  obtained  at  128  circumferential 
locations.  Figure  14  shows  the  experimental  set-up  for  the  rotational 
wake  survey. 
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PRESENTATION  AND  DISCUSSION  OF  RESULTS 
BOUNDARY  LAYER  EXPERIMENTS 

The  boundary  layer  profile  measurements  on  Model  5366  were  obtained 
at  a  Reynolds  number  of  1.68  x  10^,  based  on  waterline  length,  in  the  wind 
tunnel  at  oix  of  the  eight  locations  noted  in  Figure  3.  Measurements,  with 
and  without  tne  propeller  operating,  were  obtained  to  study  the  effects  of 
propeller  action  on  the  boundary  layer.  Measurements  were  made  at  Locations 
1,  2  and  3  without  an  operating  propeller,  and  at  Locations  8,  6,  and  7  with 
the  propeller  operating.  No  measurements  were  taken  at  Locations  4  and  5 
because  of  the  expected  similarity  with  the  velocity  profiles  at  Locations 
3  and  7,  respectively.  The  full-scale  boundary  layer  measurements,  which 
are  presented  in  this  report,  were  measured  at  a  speed  which  corresponds 
to  a  Reynolds  number  of  4.10  x  10®. 

Model-scale  bour-,ary  layer  profiles  with  and  without  the  propeller 
operating,  are  plotted  against  the  full-scale  data  at  the  corresponding 
locations  in  Figures  15,  16,  and  17.  These  data  show  the  effect  of  the 
propeller  on  the  velocity  profiles  for  both  scales.  The  results  at  Locations 
1  and  8  showed  a  small  increase  in  the  velocity  profile  due  to  the  propeller 
for  both  model-  and  ship-scale.  However,  at  Locations  3  and  7,  behind  the 
propeller  plane,  the  velocity  defect  in  the  boundary  layer  was  greater 
due  to  the  operating  propeller  for  both  model  and  ship.  For  measurements 
at  Locations  2  and  6  for  the  wind  tunnel  model,  there  was  no  noticeable 
difference  in  the  data  with  or  without  the  propeller  operating.  There 
were  no  full-scale  measurements  at  Location  6,  shown  in  Figure  16,  due 
to  the  failure  of  that  boundary  layer  probe.  A  comparison  of  the  boundary 
layer  velocity  profiles  presented  in  these  figures  showed  that  the  model- 
scale  profile  is  not  as  fully  developed  as  the  full-scale  profile  at 
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Locations  1  and  3.  This  was  clearly  a  consequence  of  the  one  decade  differ¬ 
ence  in  Reynolds  number  between  model  arid  ship.  However,  at  Location  2, 
the  model-  and  full-scale  profiles  were  quite  similar.  Neither  profile 
reached  the  free  stream  velocity  within  the  expected  range.  Further  analysis 
indicated  that  there  were  no  obvious  errors  in  the  collection  of  the  model 
data.  Additional  velocity  profile  measurements  were  conducted  on  the  model 
at  several  positions  near  Location  2.  No  unusual  flow  characteristics  were 
observed  and  there  is  still  no  explanation  for  this  anomaly.  The  possibility 
still  exists  for  the  full-scale  measurements  to  be  in  error. 

TRANSVERSE  WAKE  SURVEY  EXPERIMENTS 

Two  wake  surveys  were  conducted  to  measure  the  magnitude  and  direction 
of  the  flow  forward  of  the  propeller  disk.  Experiment  2  was  performed  with 
the  propeller  operating  and  Experiment  3  was  conducted  without  the  propeller 
operating.  Measurements  were  taken  at  1.11  propeller  diameters  forward  of  the 
propeller  plane,  x/L^  =  0.906,  corresponding  to  the  forward  rake  location 
on  the  R/V  ATHENA.  Both  experiments  were  performed  in  the  wind  tunnel  at  38.1  m/s 
corresponding  to  a  Reynolds  number  of  1.40  x  10^.  Measurements  were  taken  at 
six  equally  spaced  heights  of  25.4  millimeters  above  and  below  the  shaft  centerline 
The  vertical  strut,  shown  in  Figure  12,  positioned  the  hot  wire  probe 
enabling  measurements  to  be  taken  at  increments  of  18  millimeters. 

Velocity  component  ratios  from  conventional  wake  surveys  done  in  the 
towing  tank  at  DTNSRDC  are  obtained  radially  and  circumferentially  in  the 
propeller  plane.  The  wind  tunnel  data  from  Experiments  2  and  3  were 
obtained  in  a  rectangular  grid  perpendicular  to  the  free  stream  velocity  of 
the  wind  tunnel.  Computer  programs  were  developed  to  present  the  data  in 
a  cylindrical  coordinate  system,  which  is  the  coordinate  system  used  in 
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conventional  wake  surveys  as  described  by  Hadler  and  Cheng. ^  The 
longitudinal  axis  of  this  system  was  parallel  to  the  propeller  shaft  center- 
line.  Once  transformed,  the  data  were  interpolated  to  the  nondimensional 
radii  corresponding  to  the  full-scale  radii  at  the  forward  rake  location, 
x/L^  =  0.906.  The  radius  ratios  of  these  measurements  were  0.417,  0.583, 
0.750,  0.917  and  1.083  as  listed  in  Table  1. 

The  results  of  the  wake  survey  measurements  on  the  R/V  ATHENA  and  Model 
5366  with  an  operating  propeller  (Experiment  2)  are  presented  in  Figures  18 
through  22.  The  model-scale  longitudinal  velocity  component  ratios  were 
three  to  eight  percent  lower  than  the  full-scale  values.  At  the  two  inner 
radii,  0.417  and  0.583,  the  full-scale  tangential  and  radial  velocity 
component  ratios  were  slightly  lower  than  the  model-scale  data  between 
0  and  180  degrees.  There  was  good  agreement  with  the  radial  velocity 
component  ratios  at  the  two  outer  radii,  0.917  and  1.083  from  0  to  180 
degrees. 

Full-scale  data  taken  on  the  starboard  side  as  reported  by  Reed  and 
Day^  are  presented  in  Figure*  23  through  27  along  with  the  model  data 
from  Experiment  3.  These  measurements  were  obtained  forward  of  the 
propeller  plane  without  an  operating  propeller.  The  full-scale  longitudinal 
velocity  component  ratios  were  five-to-ten  percent  higher  than  the  model- 
scale.  A  large  degree  of  scatter  was  observed  in  the  full-scale 
longitudinal  velocity  component  ratios.  The  full-scale  tangential 
velocity  component  ratios  were  higher  than  those  for  Model  5366  between 
the  angles  of  180  and  360  degrees.  The  full-scale  radial  velocity 
component  ratios  were  lower  than  the  model-scale  values. 
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The  wake  survey  data  from  Experiments  2  and  3  are  presented  in 
Appendix  A  for  all  radii.  Figures  showing  the  effect  of  the  propeller 
suction  on  each  of  the  three  velocity  component  ratios  for  each  radius  at 
model-scale,  i.e.,  with  and  without  a  propeller  turning,  are  also  included 
in  Appendix  A. 

A  harmonic  analysis  of  the  circumferential  distribution  of  the 

longitudinal  and  tangential  velocities  was  performed.  A  diagram  showing 

the  relationship  between  the  longitudinal  and  tangential  velocity  vectors, 

the  advance  coefficients  and  the  advance  angles  is  presented  on  page  xii. 

The  mean  longitudinal  (V  (x)/V),  tangential  (V  (x)/V),  and  radial  (V  (x)/V) 

x  t  r 

velocity  component  ratios,  and  volumetric  mean  wake  velocity 
ratio  (l-w(x))  are  presented  in  Appendix  A  for  Experiments  2  and  3.  These 
quantities,  except  for  the  radial  velocity  component  ratio, 
are  shown  graphically  in  this  appendix.  The  calculated  mean  values  of  the 
advance  angle  (8(x) ) ,  and  the  maximum  variations  thereof,  (+A8)  and  (-A8) , 
are  given  graphically  and  in  tabular  form  in  Appendix  A.  The  advance 
angles  were  calculated  using  an  advance  coefficient,  J^,  of  0.739.  The 
harmonic  analyses  of  the  circumferential  distribution  of  the  longitudinal 
and  tangential  velocity  component  ratios  at  the  experimental  and  interpolated 
radii  are  presented  in  Appendix  A  for  Experiments  2  and  3. 

Wake  survey  measurements  were  made  on  the  port  side  of  the  double 
model  for  Experiments  2  and  3.  No  significant  differences  of  the  velocity 
component  ratios  of  these  two  experiments  were  observed.  The  small 
variations  shown  in  Figures  A-l  through  A-8  were  due  to  the  limitations 
of  the  numerical  interpolation.  No  model  data  was  available  from  260  to  360 
degrees  because  the  experimental  set-up  limited  the  position  of  the  hot  wires 
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to  the  outside  of  the  propeller  shafting.  Consequently,  when  the  data  for 
Experiment  3  was  transposed  to  the  starboard  side,  there  was  no  model  data 
between  0  and  100  degrees.  This  transposition  was  required  to  compare  the 
wind  tunnel  model  data  to  the  full-scale  data  which  was  available  only 
on  the  starboard  side  of  the  R/V  ATHENA. 

A  study  of  the  full-  and  model-scale  velocity  component  ratios  presented 
shows  that  tne  data  agreement  is  acceptable.  Comparison  of  the  data  from 
the  wind  tunnel  transverse  wake  surveys  reveals  that  there  is  little 
significant  difference  between  measurements  made  ahead  of  the  propeller 
plane  with  and  without  an  operating  propeller.  Differences  in  the  wake 
with  and  without  the  propeller  operating  are  within  experimental  accuracy. 
From  these  wake  survey  experiments,  the  effect  of  an  operating  propeller 
is  not  measurable  at  1.11  diameters  forward  of  the  propeller  disk. 

ROTATIONAL  WAKE  SURVEY  EXPERIMENT 

Model- scale  wake  surveys  were  performed  in  the  wind  tunnel  to  correlate 
the  data  obtained  from  the  full-scale  and  model-scale  towing  tank  experi¬ 
ments.  The  wake  survey  experiment  in  the  towing  tank  was  performed  by 
towing  the  model  at  the  Froude-scaled  speed  of  the  ship.  The  wind 
tunnel  rotational  wake  survey  was  conducted  on  the  double  model 
in  the  propeller  plane  at  a  Reynolds  number  corresponding  to  the  Froude  - 
scale  speed  of  the  towing  tank  experiment,  Rn  =  1.56  x  10^.  Measurements 
made  at  the  same  nondiraensional  radii  as  used  for  wake  surveys  on  the 
R/V  ATHENA  and  the  towing  tank  model.  Model  5365,  were  0.456,  0.633, 

0.781  and  0.963  as  listed  in  Table  1.  The  results  of  this  wind  tunnel 
experiment  are  presented  in  Appendix  B  for  the  experimental  radii.  A  harmonic 
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analysis  was  performed  on  the  longitudinal  and  tangential  velocity 
component  ratios.  The  advance  angles  were  calculated  using  an  advance 
coefficient,  J^,  of  0.739.  Circumferential  mean  velocity  component 
ratios,  volumetric  mean  velocities  and  the  advance  angles  are  presented 
graphically  and  in  tabular  form  in  Appendix  B.  The  harmonic  content 
of  the  circumferential  distribution  of  the  longitudinal  and  tangential 


velocity  component  ratios  at  the  experimental  and  interpolated  radii 
is  oresented  also  in  Appendix  B. 

The  data  from  the  wake  surveys  in  the  towing  tank  and  wind  tunnel 
are  shown  in  Figures  28  ‘nrough  31  along  with  the  full-scale  data.  The 
velocity  component  ratios  presented  in  these  figures  showed  that  the 
degree  of  scatter  of  the  full-scale  data  was  higher  than  that  of  the  data 
from  the  cwo  model  experiments.  The  rotational  wake  survey  data  obtained 
in  the  wind  tunnel  showed  very  little  scatter  when  compared  to  the  towing 
tank  data.  The  longitudinal  velocity  component  ratios  of  the  wind  tunnel 
Model  5366  were  5- to-10  percent  lower  than  those  of  the  towing  tank  Model 
5365.  The  tangential  velocity  compor_n  -  ratios  for  Model  5366  at  radius 
ratios  of  0.456  and  0.781  were  2- to- 5  percent  higher  than  those  for  Model 

5365  from  0  to  360  degrees.  The  radial  velocity  component  ratios  of  Model 

5366  were  2- to-8  percent  higher  than  Model  5365  from  180  to  360  degrees 
for  all  four  radii.  The  tangential  and  radial  velocity  component  ratios 
for  radius  ratios  of  0.633  and  0.963,  were  similar  at  angles  between 

0  and  180  degrees. 

The  results  from  model  wake  experiments  in  the  wind  tunnel  and  in  the 
towing  tank  indicated  significant  differences.  The  greatest  variation  in 
the  data  was  ten  percent  in  the  longitudinal  velocity  component  ratio 
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for  the  innermost  radius.  The  large  values  of  the  towing  tank  data,  which 
were  consistent  with  other  R/V  ATHENA  model  experiments,  may  be  due  to  the 
inability  of  the  pitot  tube  to  measure  velocities  at  large  flow  angles. 

At  the  outer  radii,  the  longitudinal  velocity  component  ratios  for  the 
ship  were  l-to-2  percent  lower  than  those  for  the  model  in  the  wind 
tunnel.  The  peaks  of  the  radial  and  tangential  velocity  component  ratios 
at  the  outer  radii  were  8-to-10  percent  higher  for  the  ship  than  for  the 
double  model.  At  the  two  innermost  radii,  the  shift  in  the  radial  and 
tangential  velocity  component  ratios  indicated  that  there  was  a  stronger 
upflow  on  the  ship  than  the  model,  in  the  region  under  and  outboard  of  the 
propeller  hub. 

Comparison  of  the  full-scale  and  wind  tunnel  model  wake  revealed 
differences  up  to  10  percent.  The  full-scale  data  showed  the  largest 
scatter  and  the  greater  deviation  from  the  model-scale  wake. 

STRUT  WAKE  EXPERIMENT 

The  transverse  wake  survey  experimental  set-up  also  enabled  measure¬ 
ments  to  be  taken  behind  the  struts  with  an  operating  propeller.  The 
purpose  of  this  experiment  was  to  numerically  determine  the  velocity 
decrement  due  to  the  struts  with  an  operating  propeller.  Finely  spaced 
measurements  were  taken  transversely  behind  the  struts.  Measurements 
were  made  between  the  shafting  and  the  hull  surface  at  57,  76,  and  95  millimeters 

from  the  shaft  centerline.  Figure  32  presents  the  results  of  this  experi¬ 
ment  . 

For  the  measurements  obtained  at  57  millimeters  from  the  shaft  center- 
line,  a  5-to-10  percent  variation  in  the  longitudinal  velocity 
components  was  seen  in  the  area  immediately  behind  the  struts.  This 
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variation  was  not  observed  at  the  other  two  locations  from  the  shaft 
centerline.  At  the  two  innermost  radii  of  the  rotational  wake  survey,  the 
longitudinal  velocity  components  showed  a  10  percent  velocity  defect  which 
was  consistent  with  the  results  from  the  strut  wake  experiment. 

CONCLUSIONS 

Model-scale  boundary  layer  velocity  profiles  obtained  one  propeller 
diameter  ahead  (Locations  1  and  8)  and  astern  (Locations  3  and  7)  of  the 
propeller  plane,  were  2-to-10  percent  smaller  than  the  full-scale  profiles. 
This  difference  was  caused  by  the  one  decade  reduction  of  the  model-scale 
Reynolds  number,  as  compared  to  the  full-scale  Reynolds  number. 

However,  in  the  area  where  the  shaft  bossing  pierced  the  hull,  the 
model-  and  full-scale  boundary  layer  profiles  coincided.  Further  investi¬ 
gation  on  the  model-scale  data  yielded  no  unusual  flow  phenomena  in  this 
area.  It  is  recommended  that  additional  experiments  be  conducted  to 
understand  this  phenomena. 

The  propeller  caused  a  1  percent  increase  in  velocity  in  both  the 
model-  and  full-scale  boundary  layers  at  Locations  1  and  8,  one  propeller 
diameter  ahead  of  the  disk.  At  Locations  2  and  6,  where  the  shaft  bossing 
pierced  the  hull,  there  was  no  measurable  difference  in  the  data  obtained 
with  or  without  the  propeller  operating. 

Wake  survey  experiments  ahead  of  the  propeller  plane  were  intended  to 
provide  a  comparison  of  velocitv  components  with  and  without  the  propeller 
operating.  When  the  scatter  iu  values  is  taken  into  consideration,  it  is  not 
possible  to  discern  any  significant  difference  between  the  two  sets  of  data. 
Wake  measurements  ahead  of  the  propeller  plane  without  the  propeller  oper¬ 
ating  showed  only  a  1  percent  radial  decrease  in  the  volumetric  mean  wake 
as  compared  to  measurements  made  with  the  operating  propeller. 
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Behind  the  struts  in  the  propeller  plane,  at  a  r/R  of  0.287,  a  ten 
percent  velocity  defect  in  the  longitudinal  component  was  seen  when 
compared  to  free  stream  velocity.  This  agreed  well  with  the  results  from 
the  rotational  wake  survey  and  also  the  towing  tank  wake  surveys  at  a 
similar  radius. 

Experiment  5,  the  wake  survey  conducted  in  the  propeller  disk,  was 

performed  at  the  same  Reynolds  number  as  those  experiments  done  in  the 

towing  tank.  The  longitudinal  velocity  components  from  the  wind  tunnel 

experiments  agreed  better  with  the  full-scale  data  than  with  the  towing 

6 

tank  data.  As  mentioned  by  Reed  and  Day,  the  discrepancy  between  the 
towing  tank  and  full-scale  data  may  be  due  to  the  difference  in  attitude 
between  the  ship  and  model.  The  wind  tunnel  double  model  was  constructed 
to  take  into  account  the  dynamic  trim  of  the  full-scale  ship,  so  that  an 
error  in  attitude  is  unlikely. 

Overall,  the  longitudinal  velocity  component  ratios  obtained  in  the 
wind  tunnel  correlated  better  with  the  full-scale  data  at  the  inner  radii. 

The  tangential  and  radial  velocity  component  ratios  were  generally  higher 
for  Model  5366  than  for  the  towing  tank  data.  The  radial  and  tangential 
components  from  both  models  seemed  closer  to  each  other  than  to  the 
full-scale  data. 

Hot  wire  anemometry  enabled  the  measurements  of  model-scale  boundary 
layer  profiles  and  nominal  wakes  in  the  wind  tunnel.  A  hot  wire  system 
has  not  been  used  in  the  towing  tank  to  measure  borndary  layer  profiles  at 
DTNSRDC,  and  a  pitot  tube  system  has  not  been  used  to  obtain  data  ahead  of 
the  operating  propeller.  It  is  felt  that  with  further  experiments  with 
hoc  wire  anemometry,  measurements  in  the  wind  tunnel  would  provide  a  valuable 
technique  in  determining  the  wake  and  boundary  layer  of  surface  ships. 
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SHIP  AND  MODEL  DATA  FOR  R/V  ATHENA 
REPRESENTED  BY  DTNSRDC  MODEL  5365  AND  5366 


Appendages:  Shafts,  V-Struts,  Rudders,  Centerline  Skeg,  Stabilizer  Fins 


Length  Overall 
Length  on  Waterline 
Length  Between  Perpendiculars 
Beam  (Maximum) 

Draft  (Mean) 

Displacement 
Wetted  Surface 
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Block  Coefficient 
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Length/Beam  Ratio 
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LONGITUDINAL  POSITION - 

OF  STRUT  WAKE 
MEASUREMENTS 
EXPERIMENT  4,  x/L^  -  0.938 

''—ROTATIONAL  WAKE  SURVEY 
PLANE  EXPERIMENT  5, 

x/Lkl  =  0.949 


PLANE  OP  TRANSVERSE  WAKE 
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LOCATION  EXPERIMENTS  2  83, 

x/L^l  =  0.906 


Figure  ha  -  Longitudinal  Locations  of  Wake  Survey  and  Strut 
Wake  Measurements  on  Model  5366 
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Figure  4b  -  Transverse  Grid  Locations  of  Measurements  of  Experiments  2  and 


Afterbody  Sections  of  R/V  ATHENA  Showing  Radii  of  Wake  Measurements 


Figure  8  -  Experimental  Set-Up  for  Boundary  Layer  Experiments 
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Figure  10  -  Close-up  View  of  Boundary  Layer  Probe 
with  Operating  Propeller 


PSD  51+9-llA 


Figure  11  -  Single  Sensor  Hot  Wire  Anemometer  Probe 

Used  for  Boundary  Layer  Profile  Measurements 
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Figure  12  -  Experimental  Set-Up  for  Transverse  Wake  Survey 
and  Strut  Wake  Measurements 
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Velocity  Profile  Data  from  R/V  ATHENA  and  Wind  Tunnel  Model  5366  at 
Locations  1  and  8  x/L^  ■  0.90 
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Figure  15  -  Measured  Boundary  Layer  Velocity  Profiles  for  R/V  ATHENA 
and  Wind  Tunnel  Model  5366  with  and  without  Propeller 
at  Locations  1  and  8 
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t  Velocity  Profile  Deem  from  R/V  ATHENA  end  Wind  Tunnel  Model  5366  et 
Locations  2  end  6  x/L^  “  0.77 
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Figure  It  -  Measured  Boundary  Layer  Velocity  Profiles  for  R/V  ATHENA 
and  Wind  Tunnel  Model  5366  with  and  without  Propeller 
at  Locations  2  and  6 
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Figure  17  -  Measured  Boundary  Layer  Velocity  Profiles  for  R/V  ATHENA 
and  Wind  Tunnel  Model  5366  with  and  without  Propeller 
at  Locations  3  and  7 
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c  FULL  SCALE  DATA 
►  MODEL  SCALE  DATA  -  EXPERIMENT  2 

Figure  18  -  Velocity  Component  Ratios  for  R/V  ATHENA  and  Model  5366  at  the 
Forward  Rake  Location  (x/L^l  “  0.906)  with  an  Operating 
Propeller  for  the  0.417  Radius 
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Figure  19  —  Velocity  Compono.it  Ratios  for  R/V  ATHENA  and  Model  5366  at  the 
Forward  Rake  Location  (x/L^l  ■  0.906)  with  an  Operating 
Propeller  for  the  0.583  Radius 
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Figure  20  -  Velocity  Component  Ratios  for  R/V  ATHENA  and  Model  5366  at  the 
Forward  Rake  Location  (x/L^  =  0.906'  with  an  Operating 
Fropeller  for  the  0.750  Radius 
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Figure  21  -  Velocity  Component  Ratios  for  R/V  ATHENA  and  Model  5366  at  the 
Forward  Rake  Location  (x/L^jl  =  0.906)  with  an  Operating 
Propeller  for  the  0.917  Radius 
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Figure  22  -  Velocity  Component  Ratios  for  R/V  ATHENA  and  Model  5366  at  the 
Forward  Rake  Location  (x/L^l  “  0.906)  with  an  Operating 
Propeller  for  the  1.083  Radius 
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Figure  23  -  Velocity  Component  Ratios  for  R/V  ATHENA  and  Model  5366  at  the 
Forward  Rake  Location  (x/L^l  =  0.906)  without  an  Operating 
Propeller  for  the  0.417  Radius 
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Figure  24  -  Velocity  Component  Ratios  for  R/V  ATHENA  and  Model  5366  at  the 
Forward  Rake  Location  (x/L^l  =  0.906)  without  an  Operating 
Propeller  for  the  0.583  Radius 
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Figure  26  -  Velocity  Component  Ratios  for  R/V  ATHENA  and  Model  5366  at  the 
Forward  Rake  Location  (x/L^  =  0.906)  without  an  Operating 
Propeller  for  the  0.917  Radius 
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Figure  27  -  Velocity  Component  Ratios  for  R/V  ATHENA  and  Model  5366  at  the 
Forward  Rake  Location  (x/L^l  ■  0.906)  without  an  Operating 
Propeller  for  the  1.083  Radius 
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Figure  28  -  Composite  Plot  of  Velocity  Component  Ratios  for  R/V  ATHENA  and 

Models  5365  and  5366  at  the  Propeller  Rake  Location  (x/L^l  =*  0.949) 
for  the  0.456  Radius 
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Figure  29  -  Composite  Plot  of  Velocity  Component  Ratios  for  R/V  ATHENA  and 

Models  5365  and  5366  at  the  Propeller  Rake  Location  (x/L^  **  0.949) 
for  the  0.633  Radius 
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Figure  30  -  Composite  Plot  of  Velocity  Component  Ratios  for  R/V  ATHENA  and 

Models  5365  and  5366  at  the  Propeller  Rake  Location  (x/Lrjr  =  0.949; 
for  the  0.781  Radius  ’  L 
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Figure  31  -  Composite  Plot  of  Velocity  Component  Ratios  for  R/V  ATHENA  and 

Models  5365  and  5366  at  the  Propeller  Rake  Location  (x/LT7T  «*  0  949 
for  the  0.963  Radius  ^ 
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Figure  A-l  -  Composite  Plot  of  Velocity  Component  Ratios  from  the 
Transverse  Wake  Surveys  at  the  Forward  Rake  Location 
for  the  Interpolated  Radius  of  0.456 
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Figure  A-2  -  Composite  Plot  of  Velocity  Component  Ratios  from  the 
Transverse  Wake  Surveys  at  the  Forward  Rake  Location 
for  the  Interpolated  Radius  of  0.633 
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Figure  A-3  -  Composite  Plot  of  Velocity  Component  Ratios  from  the 
Transverse  Wake  Surveys  at  the  Forward  Rake  Location 
for  the  Interpolated  Radius  of  0.781 
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Figure  A-4  -  Composite  Plot  of  Velocity  Component  Ratios  from  the 
Transverse  Wake  Surveys  at  the  Forward  Rake  Location 
for  the  Interpolated  Radius  of  0.963 
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Figure  A-5  -  Radial  Distribution  of  the  Mean  Velocity  Component  Ratios 
from  the  Transverse  Wake  Survey  at  the  Forward  Rake 
Location  with  an  Operating  Propeller 
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Figure  A-6  -  Radial  Distribution  of  the  Mean  Advance  Angle  and  Advance 
Angle  Variations  from  the  Transverse  Wake  Survey  at  the 
Forward  Rake  Location  with  an  Operating  Propeller 
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Figure  A-7  -  Radial  Distribution  of  the  Mean  Velocity  Component  Ratios 
from  the  Transverse  Wake  Survey  at  the  Forward  Rake 
Location  without  an  Operating  Propeller 
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Figure  A-8  -  Radial  Distribute  n  of  the  Mean  Advance  Angle  and  Advance 
Angle  Variations  from  the  Transverse  Wake  Survey  at  the 
Forward  Rake  Location  without  an  Operating  Propeller 
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.0016 
26/.  ~ 

RAOIUS  =  .917 

AMPLITUDE  = 

PHASE  angle  = 

.0067 

358.8 

.0029 

.71.6 

.0020 

IV3.3 

0025 

pi«<i .  8 

.0024 

2.2 

.0019 

119.5 

•  0024 
194.8 

.001“ 

269-4 

RAOIUS  =  1.083 
AMPLITUDE  = 

PHASE  ANGLE  * 

.0071 

6.2 

.  0049 
79.0 

.■■>02  l 

1  38.5 

.00  :0 
>■•8 . 1 

.0019 

353.0 

.0019 

128.0 

.0027 
199  .b 

.0018 

266.0 

V:. 


-  ~  -.'.z  :t  ZVkJiiTZ 


TABLE  A-3 


HARMONIC  ANALYSES  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS 
AT  THE  EXPERIMENTAL  AND  INTERPOLATED  RADII  OF  THE  TRANSVERSE 
WAKE  SURVEY  WITH  AN  OPERATING  PROPELLER 


HARMONIC  * 

1 

2 

3 

RADIUS  =  .456 

amplitude  = 

PHASE  ANGLE  = 

.  1678 
184.7 

.0129 

152.5 

.0,302 

8.4 

RADIUS  z  .633 
AMPLITUDE  = 

PHASE  ANGLE  = 

.2059 

179.1 

.0197 
24)  .2 

.0364 
358 .  1 

RADIUS  =  .781 

AMPLITUDE  = 

PHASE  ANGLE  z 

.1850 

183.4 

.  0181 
306.3 

.0392 

7.5 

RADIUS  z  .963 
AMPLITUDE  * 

PHASE  ANGLE  * 

.  1  544 
197.6 

.0459 

339.3 

.042  1 
8.7 

RADIUS  z  ,312 
AMPLl'UDE  z 

PHASE  ANGLE  = 

.  1  006 
213.0 

.  0464 
84.0 

.0293 
4  1.9 

RADIUS  z  .417 
AMPLITUDE  = 

PHASE  ANGLE  = 

.1510 

188.5 

.  0173 
120-0 

.0289 

'5.2 

RADIUS  z  .583 

amplitude  = 

PHASE  ANGLE  z 

.2021 

179.4 

.0185 

227.5 

.034<) 
358 . 3 

RAOIUS  z  .750 
AMPLIHIDE  * 

PHASE  ANGLE  z 

.  1  899 
162.1 

.0160 
292. 1 

.0336 

6.3 

RADIUS  z  .917 

amplitude  = 

PHASE  ANGLE  = 

.1619 

192.8 

.  0373 
335.8 

.04  1  5 
9.4 

RADIUS  z  1.083 
AMPLITUDE  z 

PHASE  ANGLE  z 

.  1  544 
19  7.6 

0459 

339-3 

.042  1 
8.7 

IBIS  FAG -r 


4 

5 

6 

7 

8 

.0152 
304 . 9 

.  0074 
20.0 

.0094 

47.9 

.0047 

8.5 

.  001 1 

130.3 

.0102 

6.4 

.  0040 
351.0 

.0083 

29.5 

•  0025 
46.6 

.  0010 

287.6 

.0124 

38.3 

.  0009 
305.5 

.0067 

33.0 

.0035 

75.9 

.  0077 
2  30.6 

.0  1  -9 
10.7 

.  0061 
349-  6 

.0046 

70.1 

.0023 

148.4 

.  0013 
161-4 

.02  -8 
76  1  .8 

.0125 

53.6 

.01 1  e 

74.  , 

.0084 

2  .  1 

.  OO'-O 
1  34. 7 

.  0  1  '<2 

2 •„*>.  3 

.0085 

35-8 

.0097 

54.6 

•  0065 
5.6 

.0071 

13'.3 

.01  2 
34  8  3 

.  0049 

1  .  1 

,00«6 

32.5 

.0077 

3  1.4 

.001? 

295.7 

.  0  1  '3 
36  9 

.  C009 

Ji  3-5 

.0071 

31  .  1 

•  OOJS 

7  1.0 

.  0 07? 
?43. 0 

.01  15 
73.1 

.  0038 
344.9 

.004Q 

55.2 

•  0024 
116.0 

.0015 

196.2 

.  0  1  59 

1  0  7 

.  0061 
349.  6 

.0046 

70.1 

■  0073 

14  8.4 

.  OOI  3 
161-4 

..  i-iuiGHfiflfiUI 


TABLE  A- 3  CONTINUED 


MODEL  5366  TRANSVERSE  WAKE  SURVEY  EXP  2  WITH  PROPELLER 


HARMONIC 

ANALYSES 

OF  TANGENTIAL  VE10CI TY 

COMPONENT 

RATIOS 

(VT/V) 

HARMONIC 

9 

10 

1  1 

1  2 

13 

14 

1  5 

16 

RADIUS  =  .456 

amplitude  = 

PHASE  ANGLE  = 

.0033 

144.2 

.001  1 
104.9 

.0020 

95.9 

.0074 

127.6 

.0008 

116.0 

.0025 

132.4 

.0013 

116.3 

.0019 

126.5 

RADIUS  =  .633 

AMPLITUDE  = 

PHASE  ANGLE  = 

.0012 

17.9 

.0017 

97.4 

.0020 

317.8 

.  0  0  1  3 
355.5 

.  0020 
160.6 

.0007 

12'.2 

.0016 

146.6 

.  C01  1 
218.2 

RAOIUS  =  .781 

AMPLITUDE  = 

PHASE  ANGLE  = 

.0018 
356 . 1 

.  0036 
73.6 

.00  1  2 
120.0 

.  0008 
47.0 

.  0022 
107.4 

.001  i 
100.6 

.0017 

55 . 0 

.  0013 
119.8 

RAOIUS  =  .963 

AMPLITUDE 

PHASE  ANGLE  = 

.0045 

135.3 

.0063 

136.6 

.0045 

138.4 

.  0017 
1I0.1 

.  0052 
130.7 

.0043 

130.2 

.0026 

123.0 

.  0075 
1  19-  1 

RADIUS  •  .312 

AMPLITUDE  = 

PHASE  ANGLE  = 

.0107 

152.5 

.  0020 
65.8 

.0.100 

1  If  .  9 

.00  9 
136.9 

.  0040 
32.6 

.0056 

130.5 

-  0031’ 
36.7 

.  00’  » 
ICC.  3 

RADIUS  i  .417 
AMPLITUDE  = 

PHASE  angle  1 

.0055 

147.9 

.  001  1 
94.3 

.00  30 
108. 0 

•  0  0  '-3 
133.4 

.  cot  1 

65.2 

.0032 

132.0 

.0014 

86.'.' 

,  0028 
113.6 

RADIUS  =  .583 

amplitude  = 

PHASE  ANGLE  = 

.  0008 
69.0 

.0014 

106-6 

.0918 
323  .  o 

.0009 

S'  .6 

.0018 

165.0 

.0010 
129. 1 

•  00  ’<3 
150.1 

.0011 

210.3 

RADIUS  =  .750 

amplitude  - 

PHASE  ANGLE  = 

.0020 

352.7 

.0034 

69-5 

.T'OUO 

104.7 

.  0  0  39 

1  0  3 

.0019 

109-0 

.0009 

92.6 

•  0015 

57.9 

.0010 

128.3 

RADIUS  =  .917 

AMPLITUDE  = 

PHASE  ANGLE  = 

.0023 

124.6 

.0049 

119.5 

.0037 
135 . 7 

•  00  <2 
123.5 

.  0041 

1  29.6 

.0031 

132.7 

•  0020 
98. 1 

.  OC’2 

1  15  ^ 

RADIUS  =  1.083 

amplitude 

PHASE  ANGLE  * 

.0045 

135.3 

.0063 

136.6 

.0045 
138. 4 

.00  17 

1  ?>.  .  1 

.  005? 
130-7 

.004  3 
138.2 

.0026 

123.6 

.  0025 
1  19-4 

Listing  of  the  Mean  Velocity  Component  Ratios,  the  Mean  Advance  Angles  and 
other  Derived  Quantities  at  the  Experimental  and  the  Interpolated  Radii  of 
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THETA  is  angle  in  degrees  at  which  CORRESPONDING  BPOS  OR  BN!  G  OlO  hs. 
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TABLE  A-5  1  | 

HARMONIC  ANALYSES  OF  LONGITUDINAL  VELOCITY  COMPONENT  RATIOS  'J 
AT  THE  EXPERIMENTAL  AND  INTERPOLATED  RADII  OF  THE  TRANSVERSE  \ 
WAKE  SURVEY  WITHOUT  AN  OPERATING  PROPELLER  J 


HARMONIC  = 

1 

2 

3 

4 

5 

6 

7 

8 

RADIUS  =  .456 

AMPLITUDE  = 

PHASE  ANGLE  * 

.0287 

314.7 

.  0131 
69.3 

.0145 

243.7 

.  0  1  “1 
293.0 

.0117 

348.3 

.0065 
56 . 4 

.0034 

189.6 

.  0034 
283.3 

RADIUS  =  .633 

AMPLITUDE  = 

phase  angle  = 

.0454 
30  1  .8 

.0109 

10.8 

.0  l  H3 
240. 6 

.  02--8 
208.3 

.0102 

343.6 

.0089 

67.0 

.  00b2 
203.3 

.  00  <? 
292.  6 

RADIUS  x  .78) 

amplitude  x 

PHASE  ANGLE  x 

.0622 
306. 1 

.0231 

307.9 

.021  1 
275 .  S 

.02-15 
300 . 1 

.0201 

357.8 

.0145 

85.7 

.0107 

190.6 

.0139 

287.2 

RADIUS  x  .963 
AMPLITUDE 

PHASE  ANGLE  x 

.1253 

288.4 

.0634 

316.7 

.0362 
321  .  2 

.0303 

316.6 

.  0174 
6-5 

-0108 

94.0 

•  0127 
148.7 

.  0056 
301 . 9 

RADIUS  x  .312 
AMPLITUDE  x 

PHASE  ANGLE  x 

.0262 

355.4 

.  0094 
101.0 

.0106 
20  l .  i 

•  0173 
340.0 

.0076 

55.6 

-0070 

78.0 

-0051 

1  15.2 

.  003  1 
172-2 

RAH  F US  =  .417 

AMPLITUDE  = 

PHASE  ANGLE  x 

.0262 
323. 1 

.  0128 
76.3 

.0131 

210. 5 

.01 -'7 
299.2 

.  0097 
356-4 

.0063 

59.5 

-0031 

176.4 

.  0073 
267.  1 

RADIUS  x  .583 
AMPLITUDE  x 

PHASE  ANGLE  x 

.0403 

302.5 

.0H2 

35.2 

.0176 
243. 7 

.02’  3 
387.2 

.  0169 
342.0 

.0079 

61 . 0 

■  0051 
205.3 

.  0076 
293-  1 

RADIUS  x  .750 
AMPLITUDE  = 

PHASE  angle  = 

.0566 

307.9 

.  0103 
310.2 

.0204 

207.9 

•  02  >2 
2»7  5 

.0199 

355.6 

.0134 

83.3 

-010.- 

194.5 

.  0138 
207. 3 

RADIUS  =  .917 

AMPLITUDE  x 

PHASE  ANGLE  x 

.  1  040 
292.7 

.0511 

313.5 

.0302 
311 . 5 

,  0  7r>8 

31  2  2 

.  0187 
4.7 

.0181 

92.4 

.0119 

162.3 

.  OO'M 
292. 3 

RADIUS  --  1.083 
AMPLITUDE  X 

PHASE  ANGLE  x 

.  1  253 
288.4 

.0634 
316.  7 

•  03i,2 
321  .  2 

•  0303 
316.6 

.0174 

6.5 

•  0188 
94 . 0 

•  0127 

14  8.7 

.  0066 
301  -9 

^WXCABJJ' 
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TABLE  A-5  CONTINUED 


MODEL  5366  TRANSVERSE  WAHt  '.URVrY  EXP  3  WITHOUT  PROPELLER 


HARMONIC 

ANALYSES  OF 

LONG  I TUOINAL 

VELOCITY 

component 

RATIOS 

I  vx,  V) 

harmonic  = 

9 

10 

1  1 

1  2 

13 

14 

1  5 

16 

RADIUS  =  .456 

amplitude  = 

PHASE  angle  = 

.0022 

7.7 

.  0023 
96.7 

.0013 

1 30 . 4 

00  14 
168.7 

,  0013 

1  82.0 

.0007 
249 . 0 

.00  13 
30.4 

.0017 
103.  3 

RADIUS  =  .633 

amplitude 
phase  angle  = 

.0082 

9.8 

.  0066 
88-  1 

.002  / 
l"2 .  S 

.  1- 0.'  1 
7f<  1  1 

.  00'  1 
50.4 

.0018 

143.8 

.00  1*. 
206.4 

.  0005 
290. 8 

RADIUS  =  .781 

AMPLITUDE  = 

phase  angle  = 

.0  141 

8.2 

.0120 

88.3 

.uOh.i 
1U4. 2 

.00  '0 
77-1  6 

.  0083 

6.  1 

.0078 

85.5 

.006' 

16  7.1 

.0040 

261-5 

RADIUS  =  .963 

AMPLITUDE  = 

phase  angle  = 

.0  115 

31  .8 

.0124 

93.3 

.00/0 
Hi  2 . 5 

•  OC  17 
200.8 

.  004  7 

24.  1 

.0055 
105.  e 

.0051 

161.3 

.0015 
232.  C- 

RADIUS  =  .312 

AMPLITUDE  = 

phase  angle  = 

.0021 

205.8 

.  0032 
104.8 

.0057 

142.9 

00  10 
in',  .4 

.  0030 
370.  7 

.0049 

40.8 

.00  IX 

7  5  • 

.OC.'Nt 

1  38  ■  C 

RADIUS  =  .417 

AMPLITUDE  = 

phase  angle  = 

.0010 

359.6 

.0022 

100-4 

.007  1 
111.9 

-  00  19 

1  1  H  .  1 

.  0009 
206*  ° 

.0006 
359 . 0 

oo  n 

4  9.  J 

.0070 

111.0 

RADIUS  =  .583 

amplitude  = 

PHASE  angle  = 

.0064 

10.1 

.  004  1 
88.9 

.(>0  1  4 
I'M  .0 

-i  0  1 0 

}~  7 . 6 

.0010 

170.4 

.0015 
1*34 . 7 

.  ooc* 
23b.  i 

.  0004 
C>4 . 6 

RADIUS  *  .750 

AMPLITUDE 

PHASE  ANGLE  = 

.0  135 

7.2 

.0111 

88.0 

.OOCC 
I‘i6.  / 

.00'  1 

7  .  6 

.0075 
<  .  2 

.0071 

86,2 

.  OOvO 

1  6 '* .  1 

.  00  '6 
762. 7 

RADI  JS  --  .917 
AMPLITUDE  = 
PHASE  ANGLE  = 

.  0  1  29 

2  1.4 

.0131 

.91.3 

.CO'iO 

172.3 

00  1 
277  0 

.  00" '0 
13.0 

.007  1 

93 . 9 

.  OO'.PI 
162  .'l 

.  002  7 
251 . 7 

RADIUS  =  1 .083 

amplitude  = 

PHASE  ANGLE  = 

.0115 

31  .8 

.  0124 
93.3 

.00  7  0 
102 . 6 

•  OC  '7 
?"0 . 8 

.  004  7 

24.  1 

•  0055 
105.8 

.0051 

101.2 

.0015 

232.0 

'.hlVi  JrVvAwT-L-jVxiLfi 
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TABLE  A- 6 

HARMONIC  ANALYSES  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS 
AT  THE  EXPERIMENTAL  AND  INTERPOLATED  RADII  OF  THE  TRANSVERSE 
WAKE  SURVEY  WITHOUT  AN  OPERATING  PROPELLER 


harmonic  = 

1 

2 

3 

4 

5 

6 

7 

8 

RADIUS  =  .456 

AMPLITUDE  * 

.  1  472 

.0202 

.0186 

.0100 

.  0065 

-0078 

.0057 

.  0018 

PHASE  ANGLE  = 

182.4 
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Figure  B-2  -  Velocity  Component  Ratios  for  Model  5366  from  the  Rotational 

Wake  Survey  at  the  Propeller  Rake  Location  for  the  0.633  Radius 


67 


A/XA  .  A  / 1 A 


pi 

■ 

i 

■ 

■ 

9 

9 

9 

9 

B 

■ 

i 

■ 

■ 

9 

9 

9 

9 

1 

■ 

n 

9 

9 

■ 

9 

9 

9 

■ 

■ 

■ 

■ 

■ 

■ 

9 

9 

9 

9 

9 

9 

9 

9 

g 

3 

9 

9 

9 

i 

■ 

■ 

9 

9 

9 

E 

9 

9 

9 

S 

9 

9 

9 

9 

B 

■ 

■ 

■ 

■ 

■ 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

| 

■ 

■ 

■ 

9 

9 

9 

9 

E 

■ 

■ 

■ 

■ 

■ 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

■ 

■ 

■ 

9 

9 

9 

B 

9 

9i! 

2 

9 

9 

9 

■ 

■ 

■ 

■ 

■ 

9 

9 

9 

9 

H 

9 

9 

9 

9 

E 

9 

9 

9 

| 

5 

KB 

in 

■ 

E 

9 

9 

9 

9 

9 

99 

9 

9 

9 

9 

9 

9 

■ 

69 

ns 

9 

9 

9 

9 

9 

9 

S 

E 

■ 

HH 

E 

9 

9 

9 

9 

9 

9 

9 

9 

| 

■ 

■ 

99 

mm 

9 

9 

9 

■ 

■ 

ra 

s 

a 

9 

9 

E 

■ 

■ 

mm 

99 

E 

9 

9 

9 

9 

9 

1 

6 

9 

E 

9 

9 

| 

E 

■ 

mm 

9 

9 

9 

9 

E 

9 

Bfet! 

■ 

s 

a 

SHH 

9 

9 

9 

9 

9 

9 

9 

9 

B 

9 

i 

■ 

■ 

■ 

mm 

199 

9 

9 

99 

9 

9 

9 

9 

B 

•20  0  <0  *0  SC  20  100  120  HO  >50  i?C  200  220  2'0  250  25C  300  320  3-10  300  33 


ftNGI  C  IN  DECREES 


Figure  B-4  -  Velocity  Component  Ratios  for  Model  5366  from  the  Rotational 

Wake  Survey  at  the  Propeller  Rake  Location  for  the  0.963  Radius 
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DTNSRDC  ISSUES  THREE  TYPES 


OF  REPORTS 


1.  DTNSRDC  REPORTS.  A  FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH¬ 
NICAL  VALUE.  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 
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2.  DEPARTMENTAL  REPORTS,  A  SEMIFORMAL  SERIES,  CONTAIN  INFORMATION  OF  A  PRELIM¬ 
INARY,  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 


3.  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INIEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN¬ 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE-BY-CASE 
BASIS. 


